This paper exploits different semantic web technologies and builds a prototype of semantic web mashup functionality based on an architecture proposed by us. The main scope is to improve decision-making processes. In this paper, we are focusing on querying different ontologies in order to improve decision-making semantic search. As a conclusion, we demonstrate that in order to improve decision-making semantic search there is a need of special constructions that a query language must support.
Introduction
The main problem treated by the present article is: improving Decision Support Systems (DSS) means improving search which leads to the semantic interoperability problem.
There is a main problem and, in the same time, a controversy here. When discussing enterprise decision support systems data exists, data comes from different sources (internal and external to enterprise) but they are differently described. There is an open world (the Web) and a closed world (the enterprise). If in the open world we discuss search engines and queries made by Internet users on existent data from www space, in the closed world we discuss databases and answers to queries that are priory represented. In the first case the answers to queries seems to be poorly represented in the aspect of semantics, in the second case the answers seems to be perfectly represented but not relevant. In this closed world of enterprise, usually decision-makers need answers to queries formulated by them and these queries are ad-hoc, very often cannot be anticipated. Their answers need a mixture of information that comes from the both worlds.
Even if all computer-based solutions are well intended the practical use shows that user satisfaction is low due to many reasons analyzed by studies that have been realized. There are many identified reasons: poor maintainability, poor flexibility and less reusability (see [22] ). Much of the implicit information remains undiscovered thereby resulting in sub-optimal business decisions.
Web-based technologies are having a major impact on design, development, and implementation processes for all types of decision support systems (see [1] ).
Therefore it is our goal to solve this problem by this article. We consider in this study two main important reasons: (1) the possibility to apply knowledge in the decision-making moment at the decision-making place by the decision-maker; (2) semantic integration of information.
As a solution to the problem identified by us we propose practical implementations of semantic web search functionalities with existent Decision Support Systems. We present scenarios, technical requirements, and the architecture of a semantic web based application in decision support systems.
The scope of this paper is to present a method to improve search at the decision-making level. The main idea consists in using ontologies and semantic search technologies. The motivation is 908 S.C. Necula given by lack of interoperability and semantic consistency of different formats for the same content.
Related Work
In order to discuss differences of our approach we present the related achieved work in the field of adopting semantic web standards and the related achieved work in the field of developing applications in the context of decision-making.
Decision-making has been considered as one of the main concern in practice as in theory (see [19] , [3] , [13] and [10] Most of all previous studies focus on success factors of information systems (see [4] , [5] , [12] and [17] ).
Describing big data sets according to schema(s) and accessing data by overlapping schemas is the big problem that Semantic Web is trying to address. Its main applications are in the field of managing the currently linked data, learning how to extract information from currently linked data (Linked Data Browsers), sense-making of events (there is a lot of life data streams like tweets) in order to provide a solution able to gather, collect and analyze in real time a large number of live data streams (e.g. twits), to extract the information contained and to map any reference to both a) geographical location/point of interest, etc. and b) domain specific facts (e.g. music events or violence/ demonstration). The goal is to identify events happening in a specific area (e.g. a specific city) in a short time (e.g. some hours). Sense making of the events is provided via mapping events over location and time. There is a lot of use for social purposes like emergency operators, governmental bodies. We must say that Semantic Web is intended to be used by people in the way which web intended to be at its origins.
Semantic web technologies are by far most often used for data integration and for improving the search (see [9] ). The use of ontologies for knowledge sharing, heterogeneous database integration, and semantic interoperability has been long realized (see [8] , [11] and [18] ).
Metadata (data about data)/ ontology promises to overcome the problem of interoperability. An accepted standard for representing metadata should provide information about the syntax, the structure and the semantic context of data. Many standards have been proposed. For the moment the World Wide Web Consortium recommends RDF (S) (Resource Description Framework -Schema), and OWL (Ontology Web Language) for representing linked web data.
A number of query languages have been developed to query RDF and OWL. SPARQL (SPARQL Protocol and RDF Query Language) is currently the de facto standard RDF query language. Since OWL can be serialized as RDF, SPARQL can be used to query it. There is thus a need for an expressive OWL query language that supports comprehensive querying of OWL (see [14] ). These authors proposed SQWRL (Semantic Query-enhanced Web Rule Language) built on SWRL (Semantic Web Rule Language).
A mashup is a Web page or application that uses and combines data, presentation or functionality from two or more sources to create new services. Mashup techniques retrieve content from several sources to create a new service or application.
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Problem Statement
The limits of information integration means for decisions modeling the following issues: (1) input data in the decision-making model is changing. The set of models uses to change over time due to changing conditions and priorities. Thus, it becomes necessary that the conceptual structure can change as the data impose. A new proposed solution is to use ontologies; (2) at the same time, data come from multiple data sources (internal and external to organization) (see [6] and [7] ). Thus, it becomes necessary to ensure semantic interoperability.
Two expensive stages appear in the management of decision-making models: 1) each data source has to have a schema and 2) there is a need to overlap different schemas.
Our research tries first to identify the main factors that are important in Decision Support usefulness through an empirical study and then to discuss how to overcome the limitations by applying Semantic Web to Decision Support Systems.
In order to clarify what we are talking about, we need to discuss what we mean when treating the problem of decision-making semantic search: (1) we don't discuss methods for representing knowledge or data structures or search algorithms in order to prove that one method or another technique is better and improves the semantics of content. Instead we the problem of decisionmaking semantic search as a search need to provide answers to queries formulated by enterprises decision-makers from two main worlds: the web and the internal world of enterprise; (2) we present the problem of decision-making semantic search in the light of the main technologies involved, the architecture and the main resources involved. We demonstrate it by presenting practical examples. These examples prove that by using semantic web technologies search results improves.
Our Approach
We propose the research model shown in Figure 1 by considering the characteristics of Decision Support Systems and also by referring to DeLone and McLeans Information Systems success model (see [4] ). We developed a number of items to measure each construct from the research model by making references to previous work in the research field. We present a survey and the analysis realized on the results obtained by conducting the survey. Table 1 provides the definition of the factors listed in Fig. 1 , and indicates the number of items used to measure each construct. We developed the measures by referring to the following previous work: 1) system quality and information quality of the IS success model (see 4, 5) ; 2) application of the Semantic Web to KM and (3) the possibilities to apply knowledge by the decision-makers (see [15] , [16] and [21] We derived two main hypotheses from the research model. H1: applying knowledge in the decision-making moment has a positive impact on user satisfaction with the DSS H2: information integration has a positive impact on user satisfaction with DSS.
We interviewed 18 decision-makers from local public authorities that adopted and used a Decision Support System for three years to pretest the survey questionnaire. The primary goal of the pretest was to check content validity of the questionnaire. We revised a few question items. We then addressed the questionnaire to 34 decision-makers that own a business and that have invested in IS solutions. A total of 30 responses were used for statistical analysis (the software package SPSS version 17.0).
We used CrossTab correlation (Table 2 ) to see if is any direct relation between the degree in which it is considered that information needed in decision-making process comes from multiple sources and the degree in which the user is satisfied with DSS use (direct relation the main majority of the subjects responded affirmatively). A mashup should be developed following three steps: 1) Discover data sources that provide data by following RDF links from an initial seed URI into other data sources.
2) Download data from the discovered data sources and store the data together with provenance meta-information in a local RDF store.
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Systems 911 3) Retrieve information from the local store using SPARQL query language. While there are not many implementations in the field of decision-making semantic search we benefit from the existing grounding technologies like ontology, RDF/OWL descriptions, SPARQL language. Our solution consists on all of the above technologies and the proposed architecture is presented in Figure 2 . Our work is built upon five specifications: RDF, RDFS, OWL, SPARQL, and SWRL (SQWRL). In Figure 3 we present a schema for describing Companies and an example of data described by respecting the defined schema/ ontology. Web Data that has been cached locally is usually either accessed via SPARQL queries or via an RDF API. Using these specifications we developed a prototype Web based application to semantically improve a mashup that advises decision-makers of an organization. The Web-based application allows decision-makers to receive advice concerning their compared assets value to the ones of competitors. We present an example of different schemas/ ontologies needed to But when it comes to aggregated functions there is no aggregated function implemented by SPARQL yet. So, because of an evident need in the decision-making processes for aggregated functions we were making use of SQWRL a powerful tool to express queries with aggregated functions. Figure 6 presents a query with aggregated function.
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questions like: what is the average value for each sold product. In order to obtain an answer we used SQWRL, because SPARQL doesnt have the necessary specifications.
Conclusions and Future Works
We have two contributions in this paper: (1) We propose that a combination of RDF/OWL with SQWRL to add semantic markup is useful for DSS; (2) We show how to combine them technically.
The need today is for a distributed evolution of ontologies. The overall problem for ontology engineering is that the number of ontologies which is available is currently very limited, and it is hard to validate the approaches using real ontologies.
Open issues that remains to discuss are: (1) consistency in order to meet the requirements of future real-life applications; (2) evolution of ontologies and metadata; (3) method and tools that scale up to handle a large number of networked ontologies and related metadata.
The web is effective at bringing any resource to the web user, but if the information the user needs is not represented in a single place, the job of integration belongs to the user.
How much from the intended message could be provided by using semantic web technologies? Pretty much how much it is intended to be represented. The power of represented linked data should be in discovering relations in existing represented data. The whole idea of linked data consists in consuming and publishing data. There is no intent in representing a standard/ de facto ontology that is the best in the modeled domain, the whole intent is to link our data with others data.
The main problem remains that of scrapping data from the Web. In order to not scrap for data, every web source provider should have his/her data represented in a standard semantic web format. In this way, semantic web application could gather data semantically described and sharing it to the user.
For the future work, (1) currently we are building software to improve mashup; (2) We plan to improve the existing ontology mediation.
